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A METHOD AND A DEVICE FOR DETECTING FLASH GAS. 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is entitled to the benefit of and 
incorporates by reference essential subject matter disclosed 
in international Patent Application No. PCT/DK2003/0004 68 
filed on July 3, 2003 and Danish Patent Application No. PA 
2002 01072 filed on July 8. 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method and a 

flash gas detection device for detecting flash gas in a va- 
pour-compression refrigeration or heat pump system comprising 
a compressor, a condenser, an expansion device, and an evapo- 
rator interconnected by conduits providing a flow path for a 
refrigerant . 

BACKGROUND OF THE INVENTION 

[0003] In vapour-compression refrigeration or heat pump 

systems the refrigerant circulates in the system and undergoes 
phase change and pressure change. In the system a refrigerant 
gas is compressed in the compressor to achieve a high pressure 
refrigerant gas, the refrigerant gas is fed to the condenser 
(heat exchanger) , where the refrigerant gas is cooled and con- 
densates, so the refrigerant is in liquid state at the exit 
from the condenser, expanding the refrigerant in the expansion 
device to a low pressure and evaporating the refrigerant in 
the evaporator (heat exchanger) to achieve a low pressure re- 
frigerant gas, which can be fed to the compressor to continue 
the process. 

[0004] However, in some cases refrigerant in the gas phase 

is present in the liquid refrigerant conduits caused by boil- 
ing liquid refrigerant. This refrigerant gas in the liquid re- 
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frigerant conduits is denoted "flash gas". When flash gas is 
present at the entry to the expansion device, this seriously 
reduces the flow capacity of the expansion device by in effect 
clogging the expansion device, which impairs the efficiency of 
the system. The effect of this is that the system is using 
more energy than necessary and possibly not providing the 
heating or cooling expected, which for instance in a refriger- 
ated display cabinet for shops may lead to warming of food in 
the cabinet, so the food must be thrown away. Further the com- 
ponents of the system will be outside normal operating enve- 
lope. Because of the high load and low mass flow of refriger- 
ant when flash gas is present, the compressor may be subject 
to overheating, especially in the event that misty oil in the 
refrigerant is expected to function as lubricant the compres- 
sor will undergo a lubrication shortage causing a compressor 
seizure . 

[0005] Flash gas may be caused by a number of factors: 1) 

the condenser is not able to condense all the refrigerant be- 
cause of high temperature of the heat exchange fluid, 2) there 
is a low level of refrigerant because of inadequate charging 
or leaks, 3) the system is not designed properly, e.g. if 
there is a relatively long conduit without insulation from the 
condenser to the expansion device leading to a reheating and 
possibly evaporation of refrigerant, or if there is a rela- 
tively large pressure drop in the conduit leading to a possi- 
ble evaporation of refrigerant. 

[0006] A leak in the system is a serious problem, as the 

chosen refrigerant may be hazardous to the health of humans or 
animals or the environment. Particularly some refrigerants are 
under suspicion to contribute in the ozone depletion process. 
In any event the refrigerant is quite expensive and often 
heavily taxed, so for a typical refrigerated display cabinet 
for a shop recharging the system will be a considerable ex- 
pense. Recently a shop having refrigerated display cabinets 
lost half of the refrigerant in the refrigeration system be- 
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fore it was detected that the refrigeration system had a leak, 
and recharging of the system was an expense of 75,000 dkr, ap- 
proximately 10,000 $. 

[0007] A known way to detect flash gas is to provide a 

sight glass in a liquid conduit of the system to be able to 
observe bubbles in the liquid. This is labour and time consum- 
ing and further an observation of bubbles may be misleading, 
as a small amount of bubbles may occasionally be present even 
in a well functioning system. 

[0008] Another way is to indirectly detect flash gas by 

triggering an alarm when the expansion device is fully open, 
e.g. in the event that the expansion device is an electronic 
expansion valve or the like. In this case a considerable num- 
ber of false alarms may be experienced, as a fully open expan- 
sion device may occur in a properly functioning system without 
flash gas. 

SUMMARY OF THE INVENTION 

[0009] An object of the invention is to provide a method 

for early detection of flash gas with a minimum number of 
false alarms. 

[0010] This object is met by a method comprising the steps 

of determining a first rate of heat flow of a heat exchange 
fluid flow across a heat exchanger of the system and a second 
rate of heat flow of the refrigerant across the heat ex- 
changer, and using the rates of heat flow for establishing an 
energy balance from which a parameter for monitoring the re- 
frigerant flow is derived. Hereby it is possible to monitor 
the refrigerant flow without direct measurement using a flow 
meter. Such flow meters are expensive and may further restrict 
the flow. 

[0011] According to an embodiment, the heat exchanger is 

the evaporator, which is the ideal component. 
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[0012] According to an alternative or additional embodi- 

ment, the heat exchanger is the condenser. 

[0013] As will be appreciated by the skilled person the the 

first rate of heat flow of the heat exchange fluid can be es- 
tablished in different ways, but according to an embodiment 
the method comprises establishing the first rate of heat flow 
by establishing a heat exchange fluid mass flow and a specific 
enthalpy change of the heat exchange fluid across the heat ex- 
changer. 

[0014] According to an embodiment, the method comprises es- 

tablishing the heat exchange fluid mass flow as a constant 
based on empirical data or on data obtained under faultless 
operation of the system. 

[0015] According to an embodiment, the method comprises es- 

tablishing the specific enthalpy change of the heat exchange 
fluid across the heat exchanger based on measurements of the 
heat exchange fluid temperature before and after the heat ex- 
changer. 

[0016] The second rate of heat flow of the refrigerant may 

by determined by establishing a refrigerant mass flow and a 
specific enthalpy change of the refrigerant across the heat 
exchanger . 

[0017] The refrigerant mass flow may be established in dif- 

ferent ways, including direct measurement, which is, however, 
not preferred. According to an embodiment, the method com- 
prises establishing the refrigerant mass flow based on a flow 
characteristic of the expansion device, and the expansion de- 
vice opening passage and/or opening period, and an absolute 
pressure before and after the expansion device, and if neces- 
sary any subcooling of the refrigerant at the expansion device 
entry. 
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[0018] The specific enthalpy difference of the refrigerant 

flow may be established based on registering the temperature 
and pressure of the refrigerant at expansion device entry and 
registering the refrigerant evaporator exit temperature and 
the refrigerant evaporator exit pressure or the saturation 
temperature of the refrigerant at the evaporator inlet. 

[0019] A direct evaluation of the refrigerant mass flow is 

possible, but may however be subject to some disadvantages, 
e.g. because of fluctuations or variations of the parameters 
in the refrigeration or heat pump system, and it is hence pre- 
ferred that the method comprises establishing a residual as 
difference between the first rate of heat flow and the second 
rate of heat flow. 



[0020] To further reduce the sensibility to fluctuations or 

variations of parameters in the system and be able to register 
a trend in the refrigerant mass flow at an early time, the 
method may comprise providing a fault indicator by means of 
the residual, the fault indicator being provided according to 
the formula: 

s = + *i • S m4A + s m t > 0 

where s /h,i is calculated according to the following equa- 



tion : 



5 Pl.t ~ *i 



r'-T— J 



where 



r ± : residual 

ki: proportionality constant 

\jl q : first sensibility value 

p x : second sensibility value. 

[0021] According to a second aspect the invention regards a 

flash gas detection device, which comprises means for deter- 
mining a first rate of heat flow of a heat exchange fluid flow 
across a heat exchanger of the system and a second rate of 
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heat flow of the refrigerant across the heat exchanger, and 
using the rates of heat flow for establishing an energy bal- 
ance from which a parameter for monitoring the refrigerant 
flow is derived, the device further comprising evaluation 
means for evaluating the refrigerant mass flow, and generate 
an output signal. 

[0022] According to an embodiment of the device, the means 

for determining the first rate of heat flow comprises means 
for sensing heat exchange fluid temperature before and after a 
heat exchanger. 

[0023] According to an embodiment of the device, the 
means for determining the second rate of heat flow comprises 
means for sensing the refrigerant temperature and pressure at 
expansion device entry, and means for sensing the refrigerant 
temperature at evaporator exit, and means for establishing the 
pressure at the expansion device exit or the saturation tem- 
perature . 

[0024] According to an embodiment of the device, the means 

for establishing the second rate of heat flow comprises means 
for sensing absolute refrigerant pressure before and after the 
expansion device and means for establishing an opening passage 
or opening period of the expansion device. 

[0025] To provide a robust evaluation means, the evaluation 

means may comprise means for establishing a residual as dif- 
ference between a first value, which is made up of the mass 
flow of the heat exchange fluid flow and the specific enthalpy 
change across a heat exchanger of the system, and a second 
value, which is made up of the refrigerant mass flow and the 
specific refrigerant enthalpy change across a heat exchanger 
of the system. 

[0026] To be able to evaluate a trend in the output signal, 

the device may further comprise memory means for storing the 
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output signal and means for comparing said output signal with 
a previously stored output signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] In the following, the invention will be described in 

detail with reference to the drawing, where 

[0028] Fig. 1 is a sketch of a simple refrigeration system 

or heat pump system, 

[0029] Fig. 2 is a schematic log p, h-diagram of a cycle of 

the system according to Fig. 1, 

[0030] Fig. 3 is a sketch of a refrigerated display cabinet 

comprising the refrigeration system according to Fig. 1, 

[0031] Fig. 4 is a sketch showing a part of the refriger- 

ated display cabinet according to Fig. 3, 

[0032] Fig. 5 is a diagram of a residual in a fault situa- 

tion, and 

[0033] Fig. 6 is a diagram of a fault indicator in the 

fault situation according to Fig. 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0034] In the following reference will be made to a simple 

refrigeration system, although the principle is equally appli- 
cable to a heat pump system, and as understood by the skilled 
person, the invention is in no way restricted to a refrigera- 
tion system. 

[0035] A simple refrigeration system is shown in Fig. 1. 

The system comprises a compressor 5, a condenser 6, an expan- 
sion device 7 and an evaporator 8 interconnected by conduits 9 
in which a refrigerant is flowing. The mode of operation of 
the system is well known and comprises compression of a gase- 
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ous refrigerant from a temperature and pressure at point 1 be- 
fore the compressor 5 to a higher temperature and pressure at 
point 2 after the compressor 5, condensing the refrigerant un- 
der heat exchange with a heat exchange fluid in the condenser 
6 to achieve liquid refrigerant at high pressure at point 3 
after the condenser 6. The high-pressure refrigerant liquid is 
expanded in the expansion device 7 to a mixture of liquid and 
gaseous refrigerant at low pressure at point 4 after the ex- 
pansion device. In this simple example, the expansion device 
is an expansion valve, but other types of expansion devices 
are possible, e.g. a turbine, an orifice or a capillary tube. 
After the expansion device, the mixture flows into the evapo- 
rator 8, where the liquid is evaporated by heat exchange with 
a heat exchange fluid in the evaporator 8. In this simple ex- 
ample, the heat exchange fluid is air, but the principle ap- 
plies equally to refrigeration or heat pump systems using an- 
other heat exchange fluid, e.g. brine, and further the heat 
exchange fluid in the condenser and the evaporator need not be 
the same. 

[0036] Fig. 2 is a log p, h-diagram of the refrigeration 

system according to Fig. 1, showing pressure and enthalpy of 
the refrigerant. Reference numeral 10 denotes the saturated 
vapour curve, 11 the saturated liquid curve and CP. the 
critical point. In the region 12 to the right of saturated va- 
pour line 10, the refrigerant is hence superheated gas, while 
in the region 13 to the left of the saturated liquid line 11, 
the refrigerant is subcooled liquid. In the region 14, the re- 
frigerant is a mixture of gas and liquid. As can be seen, at 
point 1 before the compressor, the refrigerant is completely 
gaseous and during the compression, the pressure and tempera- 
ture of the refrigerant is raised, so at point 2 after the 
compressor, the refrigerant is a superheated gas at high pres- 
sure. The refrigerant leaving the condenser 6 at point 3 
should be completely liquid, i.e. the refrigerant should be at 
a state on the saturated liquid curve 11 or in the region 13 
of subcooled liquid refrigerant. In the expansion device 7, 
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the refrigerant is expanded to a mixture of liquid and gas at 
a lower pressure at point 4 after the expansion device 7. In 
the evaporator 8, the refrigerant evaporates at constant pres- 
sure by heat exchange with a heat exchange fluid so as to be- 
come completely gaseous at the exit of the evaporator at point 
1. 

[0037] If, as indicated by point 3', the refrigerant enter- 

ing the expansion device 7 is a mixture of liquid and gas, the 
previously mentioned flash gas, then the refrigerant mass flow 
is restricted as previously mentioned and the cooling capacity 
of the evaporator 8 of the refrigeration system is signifi- 
cantly reduced. Further, but less significant the available 
enthalpy difference in the evaporator 8 is reduced, which also 
reduces the cooling capacity. 

[0038] Fig. 3 shows schematically a refrigerated display 

cabinet comprising a refrigeration system. Refrigerated dis- 
play cabinets are i.a. used in supermarkets to display and 
sell cooled or frozen food. The refrigerated display cabinet 
comprises a storage compartment 15, in which the food is 
stored. An air channel 16 is arranged around the storage com- 
partment 15, i.e. the air channel 16 run on both sides of and 
under the storage compartment 15. After travel through the air 
channel 16, an air stream 17, shown by arrows, enters a cool- 
ing zone 18 over the cooling compartment 15. The air is then 
again lead to the entrance to the air channel 16, where a mix- 
ing zone 19 is present. In the mixing zone 19 the air stream 
17 is mixed with ambient air. Thereby air, which has entered 
the storage compartment or somehow escaped into the surround- 
ings, is substituted. In the air channel 16 is provided a 
blower device 20, which can be made up of one or more fans. 
The blowing device 20 ensures that the air stream 17 can be 
moved in the air channel 16. The refrigerated display cabinet 
comprises part of a simple refrigeration system as outlined in 
Fig. 1, as an evaporator 8 of the system is placed in the air 
channel 16. The evaporator 8 is a heat exchanger exchanging 



Marked-Up Version Showing Changes Made 



10 

heat between the refrigerant in the refrigeration system and 
the air stream 17. In the evaporator 8 the refrigerant takes 
up heat from the air stream 17, which is cooled thereby. The 
cycle of the refrigeration system is as described with regard 
to Fig. 1 and 2, and with the numerals used therein. 

[0039] As mentioned, it is highly advantageous in a refrig- 

eration or heat pump system to be able to detect flash gas, 
i.e. the presence of gas at the expansion device entry. The 
effect of flash gas is a reduced mass flow through the expan- 
sion device when compared to the mass flow in the normal 
situation of solely liquid refrigerant at the expansion device 
entry. When the refrigerant mass flow in the refrigeration 
system is less than the theoretical refrigerant mass flow pro- 
vided solely liquid phase refrigerant at the expansion device 
entry, this difference is an indication of the presence of 
flash gas. The refrigerant mass flow may be established by di- 
rect measurement using a flow meter. Such flow meters are, 
however, relatively expensive, and may further restrict the 
flow creating a pressure drop, which may in itself lead to 
flash gas formation, and certainly impairs the efficiency of 
the system. It is therefore preferred to establish the refrig- 
erant mass flow by other means, and one possible way is to es- 
tablish the refrigerant mass flow based on the principle of 
conservation of energy or energy balance of one of the heat 
exchangers of the refrigeration system, i.e. the evaporator 8 
or the condenser 6. In the following reference will be made to 
the evaporator 8, but as will be appreciated by the skilled 
person the condenser 6 could equally be used. 

[0040] The energy balance of the evaporator 8 is based the 

following equation: 

Q-Air = Q>Ref ( \ ) 

where Qa* is the heat removed from the air per time 
unit, i.e. the rate of heat flow delivered by the air, and Q Re f 
the heat taken up by the refrigerant per time unit, i.e. the 
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rate of heat flow delivered to the refrigerant. 

[0041] The basis for establishing the rate of heat flow of 

the refrigerant ) i.e. the heat delivered to the refriger- 

ant per time unit is the following equation: 

Q R ef = ™R ef ( h R ef.Out ~ h R efjn ) ( 2 ) 

where ^R e / is the refrigerant mass flow. h RefQut ± s the 
specific enthalpy of the refrigerant at the evaporator exit, 
and h RefJn i s the specific enthalpy of the refrigerant at the 

evaporator entry. The specific enthalpy of a refrigerant is a 
material and state property of the refrigerant, and the spe- 
cific enthalpy can be determined for any refrigerant. The re- 
frigerant manufacturer provides a log p, h-diagram of the type 
according to Fig. 2 for the refrigerant. With the aid of this 
diagram the specific enthalpy difference across the evaporator 
can be established. For example to establish ^Re/jn with the aid 
of a log p, h-diagram, it is only necessary to know the tem- 
perature and the pressure of the refrigerant at the expansion 
device entry (T Ref , In and P Co n/ respectively) . Those parameters 
may be measured with the aid of a temperature sensor or a 
pressure sensor. Measurement points and parameters measurement 
points and parameters of the evaporator 8 and the refrigera- 
tion system can be seen in Fig. 4, which is a sketch showing a 
part of the refrigerated display cabinet according to Fig. 3. 

[0042] To establish the specific enthalpy at the evaporator 

exit, two measurement values are needed: the temperature at 
evaporator exit (T Re f, 0 ut) arid either the pressure at the exit 
( p Ref,out) or the saturation temperature (T Ref/Sat ) . The tempera- 
ture at the exit of the evaporator 8 can be measured with a 
temperature sensor, and the pressure at the exit can be meas- 
ured with a pressure sensor. 

[0043] Instead of the log p, h-diagram, it is naturally 

also possible to use values from a chart or table, which sim- 
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plifies calculation with the aid of a processor. Frequently 
the refrigerant manufacturers also provide equations of state 
for the refrigerant. 

[0044] The mass flow of the refrigerant may be established 

by assuming solely liquid phase refrigerant at the expansion 
device entry. In refrigeration systems having an electroni- 
cally controlled expansion valve, e.g. using pulse width modu- 
lation, it is possible to determine the theoretical refriger- 
ant mass flow based on the opening passage and/or the opening 
period of the valve, when the difference of absolute pressure 
across the valve and the subcooling (T v ,i n ) at the expansion 
valve entry is known. Similarly the refrigerant mass flow can 
be established in refrigeration systems using an expansion de- 
vice having a well-known opening passage e.g. fixed orifice or 
a capillary tube. In most systems the above-mentioned parame- 
ters are already known, as pressure sensors are present, which 
measure the pressure in condenser 6. In many cases the sub- 
cooling is approximately constant, small and possible to esti- 
mate, and therefore does not need to be measured. The theo- 
retical refrigerant mass flow through the expansion valve can 
then be calculated by means of a valve characteristic, the 
pressure differential, the subcooling and the valve opening 
passage and/or valve opening period. With many pulse width 
modulated expansion valves it is found for constant subcooling 
that the theoretical refrigerant mass flow is approximately 
proportional to the difference between the absolute pressures 
before and after and the opening period of the valve. In this 
case the theoretical mass flow can be calculated according to 
the following equation: 

™Ref — ^exp " (Peon "~ ^Ref y oui ) * OP ^ 3 j 

P 

where c™ is the absolute pressure in the condenser, 

p 

Ref,out the pressure in the evaporator, OP the opening period 
k 

and E*p a proportionality constant, which depend on the valve 
and subcooling. In some cases the subcooling of the refriger- 
ant is so large, that it is necessary to measure the subcool- 
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ing, as the refrigerant flow through the expansion valve is 
influenced by the subcooling. In a lot of cases it is however 
only necessary to establish the absolute pressure before and 
after the valve and the opening passage and/or opening period 
of the valve, as the subcooling is a small and fairly constant 
value, and subcooling can then be taken into consideration in 
a valve characteristic or a proportionality constant. 

[0045] Similarly the rate of heat flow heat of the air 

{Qaik ) , i.e. the heat taken up by the air per time unit may be 
established according to the equation: 

Qait = ™AiA h AirM ~ h Air, out ) ( 4 ) 

where m Air is the mass flow of air per time unit, ^Airjn is 
the specific enthalpy of the air before the evaporator, and 
^Air,out is the specific enthalpy of the air after the evaporator. 



[0046] The specific enthalpy of the air can be calculated 

based on the following equation: 

h Air = 1,006 • t + x(2501 + 1,8 • 0, [h] = kJ/kg (5) 

where t is the temperature of the air, i.e. Tg va < n be- 
fore the evaporator and T Eva/OUt after the evaporator, x denotes 
the absolute humidity of the air. The absolute humidity of the 
air can be calculated by the following equation: 

x = 0,62198. Pw (6) 

P A mb ~ Pw 



[0047] Here Pw is the partial pressure of the water vapour 

in the air, and P^mb ±$ the air pressure. P^mb can either be 
measured or a standard atmosphere pressure can simply be used. 
The deviation of the real pressure from the standard atmos- 
phere pressure is not of significant importance in the calcu- 
lation of the amount of heat per time unit delivered by the 
air. The partial pressure of the water vapour is determined by 
means of the relative humidity of the air and the saturated 
water vapour pressure and can be calculated by means of the 
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following equation : 

Pw=Pw.Sm RH (7) 



[0048] Here RH is the relative humidity of the air and 

Pwjsm the saturated pressure of the water vapour. Pwjsat is 
solely dependent on the temperature, and can be found in ther- 
modynamic reference books. The relative humidity of the air 
can be measured or a typical value can be used in the calcula- 
tion. 



[0049] When equations (2) and (4) is set to be equal, as 

implied in equation (1), the following is found: 

™Refi h Ref&ul ~ h RefJn) =™ Air( h Airjn ^Air^Out) ( 8 ) 

From this the air mass flow ™ a* can be found by isolat- 



ing 171 Air Z 



^RefjOut ^Refjn) 



m «r- m «ef TJi _ h (9) 

\ n AirJn n Air,Out) 



[0050] Assuming faultless air flow this equation can be 

used the evaluate the operation of the system. 

[0051] In many cases it is recommended to register the 

theoretical air mass flow in the system. As an example this 
theoretical air mass flow can be registered as an average over 
a certain time period, in which the refrigeration system is 
running under stabile and faultless operating conditions. Such 
a time period could as an example be 100 minutes. 

[0052] A certain difficulty lies in the fact that the sig- 

nals from the different sensors (thermometers, pressure sen- 
sors) are subject to significant variation. These variations 
can be in opposite phase, so a signal for the theoretical re- 
frigerant mass flow is achieved, which provides certain diffi- 
culties in the analysis. These variations or fluctuations are 
a result of the dynamic conditions in the refrigeration sys- 
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tern. It is therefore advantageous regularly, e.g. once per 
minute, to establish a value, which in the following will be 
denoted "residual", based on the energy balance according to 
equation (1) : 

T = Q A lr -£>Ref 

so based on the equations (2) and (4), the residual can 
be found as: 

V =T ^Air(^AirJn ~ Kir Put) ~ ^RefiKef \Out ~^RefJn) (10) 

where m Air is the estimated air mass flow, which is es- 
tablished as mentioned above, i.e. as an average during a pe- 
riod of faultless operation. Another possibility is to assume 

that Air ^ s a constant value, which could be established in 
the very simple example of a refrigerated display cabinet as 
in Fig. 3 and 4 having -a constantly running blower. 

[0053] In a refrigeration system operating faultlessly, the 

residual r has an average value of zero, although it is sub- 
ject to considerable variations. To be able to early detect a 
fault, which shows as a trend in the residual, it is presumed 
that the registered value for the residual r is subject to a 
Gaussian distribution about an average value and independent 
whether the refrigeration system is working faultless or a 
fault has arisen. 

[0054] In principle the residual should be zero no matter 

whether a fault is present in the system or not, as the prin- 
ciple of conservation of energy or energy balance of course is 
eternal. When it is not the case in the above equations, it is 
because the prerequisite for the use of the equations used is 
not fulfilled in the event of a fault in the system. 

[0055] In the event of flash gas in the expansion device, 

the valve characteristic changes, so that ^ Ex p becomes several 
times smaller. This is not taken into account in the calcula- 
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tion, so the rate of heat flow of the refrigerant Q Ref used in 
the equations is very much larger than in reality. For the 
rate of heat flow of the air (Q A ir ) , the calculation is correct 
(assuming a fault causing reduced air flow across the heat ex- 
changer has not occurred) , which means that the calculated 

value for the rate of heat flow of the air (Q A ir ) across the 
heat exchanger equals the rate of heat flow of the air in re- 
ality. The consequence is that the average of the residual be- 
comes negative in the event of flash gas in the expansion de- 
vice. 

[0056] In the event of a fault causing reduced air flow 

across the heat exchanger (a defect blower or icing up of the 
heat exchanger) the mass flow of air is less than the value 

for the mass flow of air Wl Air used in the calculations. This 
means that the rate of heat flow of the air used in the calcu- 
lations is larger than the actual rate of heat flow of the air 
in reality, i.e. less heat per unit time is removed from the 
air than expected. The consequence (assuming correct rate of 
heat flow of the refrigerant, i.e. no flash gas), is that the 
residual becomes positive in the event of a fault causing re- 
duced air flow across the heat exchanger. 

[0057] To filter the residual signal for any fluctuations 

and oscillations statistical operations are performed by in- 
vestigating the following hypothesises: 

1. The average value of the residual r is (where 
Pi<0) . Corresponding to a test for flash gas. 

2. The average value of the residual r is y 2 (where 
\i 2 >0) . Corresponding to a test for reduced air flow. 
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[0058] The investigation is performed by calculating two 

fault indicators according to the following equations: 
1. Test for flash gas: 

s = \ S »M + s i> whe » S mM + s m* >0 
« J [0,whe*S m „+s mJ <0 



tion: 



where ^ ,. is calculated according to the following equa- 



(12) 



where k x is a proportionality constant, \i 0 a first sen- 
sibility value, pi a second sensibility value, which is nega- 
tive as indicated above. 



where 
equation: 



Test for reduced air flow: 

' S W .M When S MU-l + S fi 2 J >0 

5 



(13) 



v 2 



is calculated according to the following 



s v 2 J ~ *i 



r, - 



^0 + /*2 



(14) 



where k 2 is a proportionality constant, p 0 a first sen- 
sibility value, p 2 a second sensibility value, which is posi- 
tive as indicated above. 



[0059] In equation (11) it is naturally presupposed that 

the fault indicator , i.e. at the first point in time, is 

set to zero. For a later point in time is used s t*iJ according 
to equation (12), and the sum of this value and the fault in- 
dicator at a previous point in time is computed. When this 

sum is larger than zero, the fault indicator is set to this 
new value. When this sum equals or is less than zero, the 
fault indicator is set to zero. In the simplest case p 0 is set 
to zero. Pi is a chosen value, which e.g. establish that a 
fault has arisen. The parameter is a criterion for how of- 
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ten it is accepted to have a false alarm regarding flash gas 
detection . 

[0060] Similarly in equation (13) it is naturally presup- 

posed that the fault indicator S^,. f i.e. at the first point in 
time, is set to zero. For a later point in time is used s^. 
according to equation (14), and the sum of this value and the 
fault indicator at a previous point in time is computed. 

When this sum is larger than zero, the fault indicator is set 
to this new value. When this sum equals or is less than zero, 
the fault indicator is set to zero. In the simplest case p 0 
can be set to zero. p 2 is an estimated value, which e.g. es- 
tablish that a fault has arisen. The parameter p 2 is a crite- 
rion for how often is it accepted to have a false alarm re- 
garding the air mass flow. 

[0061] When for example a fault occurs in that flash gas is 

present at the expansion valve entry, then the fault indicator 
will grow, as the periodically registered values of the s p x j in 
average is larger than zero. When the fault indicator reaches 
a predetermined value an alarm is activated, the alarm showing 
that the refrigerant mass flow is reduced. If a smaller value 
of \i ± is chosen, i.e. a more negative value, fewer false 
alarms are experienced, but there exist a risk of reducing 
sensitivity for detection of a fault. 

[0062] The principle of operation of the filtering accord- 

ing to equation (11) and (13) shall be illustrated by means of 
Figs. 5 and 6. In Fig. 5 the time in minutes is on the x-axis 
and on the y-axis the residual r. Between t=200 and 300 min- 
utes a blower fault was present, which gave rise to a signifi- 
cant rise in the residual. Further in the periods t=1090 to 
1147 and t=1455 to 1780, flash gas is present, which can be 
seen as a significant reduction of the residual to a value of 
about -lOxlO 6 . However, as can be seen the signal is subject 
to quite significant fluctuations and variations, which makes 
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[0063] The different fault situations can be seen from Fig. 

5, but a better possibility of identification is present when 
monitoring the fault indicators S^j and S M2 j f the behaviour of 
which can seen in Fig. 6, where the dot-dash line denotes S^,, 
and the continuous line denotes the . Here the value of the 

fault indicators S^j ,S M2 ,i is on the y-axis and the time in min- 
utes is on the x-axis. The fault indicator S M2w i grows continu- 
ously in the period between t=200 and 330 minutes because of 
the blower fault. An alarm can be triggered when $p 2 ,i exceeds a 

value of e.g. 0.2xl0 9 . As can be seen by comparison of Fig. 5 
and 6 early detection is possible, especially when using the 
fault indicator. Similarly the fault indicator S^j rises in 
the period, between t=1090 to 1147 because of flash gas, then 
gradually reduces back to zero and then rises again in the pe- 
riod t=1455 to 1780, when flash gas again is present at the 
expansion valve entry. The fault indicators ,^ 2 ,* could be 

set back to zero, when the refrigeration system has been work- 
ing faultless long enough. In praxis the fault indicators 
MiJ , °^ 2 .' would anyway be set to zero when a fault is corrected. 

[0064] As can be seen in Fig. 5 and 6 it is hence possible 

simultaneously to evaluate the system for reduced air flow and 
flash gas at the expansion device entry by evaluating the 
fault indicators using the criterions \i x and p 2 - 

[0065] Further by means of the method and device according 

to the invention, it is possible to gain valuable information 
about the design of the refrigeration system. Many refrigera- 
tion systems are tailor made for the specific use, e.g. for a 
shop having one or more refrigerated display cabinets, and 
some times these refrigeration systems are not optimal, i.e. 
because of long conduits, pressure drops because of bends of 
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the conduits or the like, or conduits exposed to heating by 
the environment. With the method and device it will be possi- 
ble to detect that the refrigeration system is not optimal, 
and an expert could be sent for to evaluate the system and 
propose improvements of the system and/or propose improvements 
for future systems. 

[0066] A further advantage of the device is that it may be 

retrofitted to any refrigeration or heat pump system without 
any major intervention in the refrigeration system. The device 
uses signals from sensors, which are normally already present 
in the refrigeration system, or sensors, which can be retro- 
fitted at a very low price. 

[0067] In the preceding description a simple example was 

used to illustrate the principle of the invention, but as will 
be readily understood by the skilled person, the invention can 
be applied to a more complex system having a plurality of heat 
exchangers, i.e. more than one condenser and/or more than one 
evaporator. 
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